Mechanisms of enhanced insulin sensitivity in endurance-trained athletes: effects on blood flow and differential expression of GLUT 4 in skeletal muscles.
Exercise is associated with increased insulin sensitivity. To better understand mechanisms that could be responsible for this association, we studied seven controls and seven endurance-trained athletes. A 600 mU/m2.min hyperinsulinemic euglycemic glucose clamp with the limb balance technique assessed insulin sensitivity as whole body glucose uptake (WBGU) and leg glucose uptake (LGU). Indirect calorimetry and hemodynamic measurements, such as leg blood flow (LBF) and cardiac output, were performed at baseline and maximal insulin stimulation. The content of the glucose transporter GLUT 4 and muscle fiber type were evaluated in three muscle groups: vastus lateralis, gastrocnemius, and biceps. Athletes exhibited 35% higher WBGU and 30% higher LGU than controls. Basal LBF (liters per min) was higher in athletes, but the difference was not statistically significant. After insulin stimulation, LBF was 31% higher in athletes than controls (P = 0.05). Indirect calorimetry revealed that athletes had a 44% higher rate of nonoxidative glucose metabolism than controls (P = 0.01). GLUT 4 levels in vastus were 90% (P < 0.05) greater in athletes, whereas smaller differences were noted between athletes and controls in biceps and gastrocnemius. Importantly, the vastus lateralis GLUT 4 content was correlated with WBGU (r = 0.60; P < 0.05) and LGU (r = 0.62; P < 0.05). Relative numbers of oxidative fibers were increased in vastus from athletes and were positively correlated with maximal oxygen consumption (VO2 max), but GLUT 4 content could not be correlated with oxidative fiber content in individual controls or athletes. We conclude that in humans 1) endurance training enhances insulin's ability to increase LBF; 2) GLUT 4 is differentially expressed as a function of muscle group and is up-regulated by exercise in a muscle-specific manner; 3) in vastus lateralis, GLUT 4 levels are well correlated with insulin-stimulated rates of both WBGU and LGU; and 4) GLUT 4 content and in vivo insulin sensitivity do not vary as a function of fiber type composition. Thus, blood flow and GLUT 4 expression in muscle are important mechanisms that mediate greater insulin sensitivity in athletes.